Introduction
Orbital masses form a heterogeneous group of lesions that create many challenges with regard to diagnosis, management, and treatment. The high-resolution detail provided by magnetic resonance imaging (MRI), combined with the use of surface coils, have markedly improved soft-tissue resolution and thus allowed for better lesion characterization. The orbital space has 4 distinct compartments: the globe, the intraconal and extraconal spaces, and the optic nerve sheath complex. The muscle cone is formed by the 4 recti muscles and their respective fasciae, with the globe as its base and the optic canal as its apex. The globe is enveloped by the Tenon capsule and has 3 main layers: the sclera, uvea, and retina. The extraconal space contains the superior and inferior oblique muscles, levator muscle complex, the lacrimal gland, and orbital fat. The sagittal, coronal, and axial views in T1 and T2 MR (magnetic resonance) images of the normal orbit are shown in Figure 1 . The signal intensity (colour) of the vitreous determines the type of MR sequence used (vitreous is black in T1 and white in T2). Orbital fat appears white, whereas the muscles and nerve appear black in T1. The muscle cone can best be appreciated in the coronal plane, whereas the lacrimal gland can be seen extraconally and on the lateral and superior aspects of the orbit in the sagittal view.
The first pictorial review of orbital lesions focused on pediatric diseases [1] , followed closely by a pictorial review of adult orbital lesions, published in 1993, when MR was initially used as a diagnostic modality [2] . More recently, in 2006, an article was published that focused on select orbital tumours [3] . In this article, we provide a pictorial review of adult benign and malignant (both primary and metastatic) orbital masses.
Imaging Techniques
This pictorial review is based on cases of orbital tumours collected from the McGill University Health Centre over a period of 3 years. MRI was performed by using a GE 1.5T Signa HD platform unit (General Electric Healthcare, Milwaukee, WI), whereas computed tomographic (CT) images were acquired with a Lightspeed VCT (General Electric, Waukesha, WI). The MR images were acquired with the use of a phased-array surface coil system to improve the signal-to-noise ratio and to provide superior images of the anterior optic pathway. The institutional protocol includes T1-and T2-weighted oblique axial images along the plane of the optic nerves, oblique sagittal T1-and T2weighted images also along the plane of the optic nerves, and true coronal T2-weighted images. If an intravenous MR contrast agent is administered, then fat suppression is used for the axial and coronal T1-weighted images.
Lesions of the Lacrimal Gland: Adenoid Cystic Carcinoma and Benign Mixed Tumours
Adenoid cystic carcinoma (ACC) is the most common epithelial malignancy of the lacrimal gland and accounts for 23% of all epithelial tumours [4] . These tumours commonly occur in the fourth decade of life, with a slight predilection for women. Orbital symptoms include downward displacement of the globe, exophthalmos, ptosis, and diplopia. On CT, ACC may present with irregular margins and often bony erosion. On MRI, they demonstrate heterogeneous hyperintense signal relative to the extraocular muscles on T1-and T2-weighted images, and show moderate to marked enhancement after contrast infusion. Differential diagnosis includes pleomorphic adenoma, orbital pseudotumour, metastasis, and lymphoma [5] .
Benign mixed tumours (BMT) or pleomorphic adenomas are the most common benign epithelial tumours of the lacrimal gland. BMT are isointense on T1-weighted images (T1WI) and hyperintense on T2-weighted images (T2WI) to the extraocular muscles. In addition, they enhance strongly but do not tend to cause bony erosion.
An enhanced T1-weighted image of a 54-year-old woman with a space-occupying lesion in the left orbit is shown in Figure 2 . The imaging findings are consistent with an ACC (confirmed by pathology).
Globe Lesions

Choroidal Melanoma
Ocular melanoma is a malignant neoplasm of melanocytes of the uveal tract (ciliary body, choroid, iris). Ocular melanomas are the most common primary intra-ocular tumours in adults [6] , however, these represent only 5% of all melanomas. On CT, a uveal tract melanoma appears as a hyperdense lesion with slight to moderate contrast enhancement. Melanin causes shortening of the relaxation time on MR images, often resulting in a hyperintense appearance on T1WI, while appearing hypointense relative to the vitreous on T2WI. The main differential diagnosis includes choroidal nevus, choroidal hemangioma, and a metastatic choroidal lesion.
Pre-and postcontrast T1WI and T2WI of an intraocular lesion in a 68-year-old woman are shown in Figure 3 . The imaging findings are consistent with a choroidal melanoma. 
Metastasis to the Choroid
Metastatic carcinoma to the globe is regarded as the most common intraocular malignant neoplasm. It is estimated that 1%e13% of all orbital tumours are metastatic lesions [7] . Most intraocular metastatic lesions affect the choroid, and 80% of patients present with unilateral eye involvement. The most common symptoms are blurred or distorted vision, and the main risk factor is a history of cancer [7] . The differential diagnosis includes choroidal melanoma, choroidal nevus, choroidal hemangioma, and primary intraocular lymphoma. Choroidal melanomas are mainly iso-to hyperdense (to extraocular muscles) and homogeneous on CT [8] . As previously mentioned, the majority of choroidal melanomas are hyperintense to vitreous on T1 and iso-to hypointense to vitreous on T2. Choroidal nevi, which are less commonly seen, have a similar appearance to melanoma on CT and MRI, and sometimes can only be distinguished histopathologically [9] . Choroidal hemangiomas are hypo-to hyperintense and iso-to hyperintense (to the vitreous) in T1 and T2, respectively.
A noncontrast-enhanced CT of the orbits in a 82-year-old man with a known history of thyroid cancer, and a heterogenous mass in the right globe, is shown in Figure 4 . The imaging findings are consistent with choroidal metastases.
Posterior Segment Mass
The differential diagnosis for a posterior segment mass is metastases from a primary tumour, choroidal melanoma, choroidal hemangioma, and a ciliary body tumour. A metastatic lesion should be suspected if the patient has a history of malignancy. Choroidal melanoma and hemangiomas tend to localize posterior to the equator of the globe T2 (B) . The mass moderately enhances with contrast (C). There is a hyperintense contour posteriorly, likely representing a hemorrhage with diffuse nonhemorrhagic retinal detachment. Given its location and imaging characteristics, this mass is likely a ciliary body tumour. [10] . Furthermore, choroidal hemangiomas are hyperintense in T1 and isointense (to the vitreous) in T2.
Pre-and postcontrast T1-and T2-weighted images of a 66-year-old woman who is known for thyroid cancer are shown in Figure 5 . The imaging findings are consistent with a ciliary body tumour.
Orbital Lesions
Metastatic Breast Cancer
Orbital metastasis is believed to occur in approximately 2%e3% of patients with systemic cancer, and breast cancer is the most common neoplasm to metastasize to the orbit [11] . Presenting signs and symptoms include proptosis, globe displacement, limited ocular motility, or palpable mass. MRI is usually preferred to CT because most orbital metastases affect orbital soft tissues. However, CT can provide a better evaluation of bone and the pattern of tissue involvement. For example, orbital metastasis from breast cancer tends to be diffuse and irregular, often growing along the rectus muscles and fascial planes [11] . An exception is a subtype of breast cancer, scirrhous carcinoma, which may cause retractile scarring and enophthalmos. Differential diagnosis of metastatic breast cancer to the orbit includes metastases from prostate and lung cancer; however, these cancers tend to involve the bony orbit rather than the soft tissues [11] .
A contrast-enhanced CT of the orbit in a 62-year-old woman who had a history of breast cancer is shown in Figure 6 . There is bilateral enophthalmos (left more than right) with an irregular mass that is infiltrating the orbital fat and muscles. The imaging findings are consistent with metastatic breast cancer.
Orbital Hemangioma
Orbital hemangiomas are well-defined, encapsulated lesions that occur most often in the intraconal space. They are rounded or oval in shape, isodense to extraocular muscles on CT, and may be associated with calcifications. On MRI, the lesions are isointense on T1WI and hyperintense on T2WI (with respect to extraocular muscles) [12] . On both modalities, they are homogeneous and often demonstrate classic patchy enhancement after contrast injection. The main differential diagnosis includes nerve sheath tumours, pedunculated optic nerve sheath meningiomas, optic nerve glioma, and orbital varix. Nerve sheath tumours and meningiomas are usually tubular. Neurofibromas are normally associated with neurofibromatosis type I, and schwannomas also present with marked enhancement, although in a more striking fashion. As opposed to orbital varices, orbital hemangiomas do not enlarge during a Valsalva maneuver. Pre-and postcontrast T1-and T2-weighted images of a 39-year-old man with mild right-sided proptosis are shown in Figure 7 . The imaging findings are consistent with an orbital hemangioma.
Wegener Granulomatosis
Wegener granulomatosis (WG) is a necrotizing vasculitis that primarily affects the lungs and kidneys. Orbital granulomatosis occurs in only 2% of cases of WG and usually presents with pain, proptosis, erythematous eyelid oedema, and limitation of extraocular movements. It can be further classified as focal or contiguous (as an extension of disease from the paranasal sinuses). Lesions are hypointense with respect to orbital fat on T1-and T2-weighted images and enhance strongly with contrast administration [13] . The differential diagnosis for focal orbital WG is that of an orbital mass, namely, orbital lymphoma, metastases, sarcoidosis, or orbital pseudotumour. Sarcoidosis can present in a similar fashion to WG but requires correlation with other findings, such as bilateral hilar adenopathy or elevated angiotensin converting enzyme levels.
Pre-and postcontrast T1-and T2-weighted images of a 20-year-old woman with proptosis and periorbital swelling. The imaging findings are consistent with orbital WG and are shown in Figure 8 . Figure 8 . A 20-year-old woman known for Wegener's granulamotosis (WG) presenting with right-sided proptosis and periorbital swelling. Magnetic resonance imaging of the orbits, showing a right intraconal mass that involves the inferior rectus and inferior oblique muscles. Note that the optic nerve is spared. The infiltrative mass is isointense to the extraocular muscles in T1 (A) and T2 (B), and markedly enhances with gadolinium contrast injection (C). There are significant changes of the nasal fossae, septum, and of the maxillary sinuses. The combination of orbital and sinonasal abnormalities is suggestive of WG.
Orbital Pseudotumour
Idiopathic orbital pseudotumour is an acute inflammatory condition of the orbital soft tissue. There is no predilection for age, sex, or race. Classically, patients present with acute onset of pain, swelling, and double vision. Orbital pseudotumour can manifest as dacryocystitis, myositis, posterior scleritis, tendonitis, or optic neuritis [14] . In general, findings include inflammatory changes of the tissues that are involved, for example, in the myositic form, the muscle belly and tendon are involved. Apical orbital inflammation presents as an irregular, infiltrative, enhancing, soft-tissue mass, which may compress the optic nerve and lead to ischemic neuropathy. The process is generally hypointense relative to the extraocular muscles in T1-and T2-weighted images and shows marked enhancement and lack of bony destruction. The main differential diagnosis includes orbital cellulitis, lymphoma, sarcoidosis, and Wegener granulomatosis.
Pre-and postcontrast T1-and T2-weighted images of a 34-year-old man with left-sided proptosis and painful eye movements are shown in Figure 9 . The imaging findings are consistent with orbital pseudotumour.
Optic Nerve Sheath Meningioma
Optic nerve sheath meningioma (ONSM) is a benign neoplasm of meningothelial cells and represents 2% of all orbital tumours. The mean age of presentation is 40 years old with a slight female predilection. Symptoms of ONSM include loss of visual acuity, disturbance of colour vision and visual field, proptosis, and retrobulbar pain [14] . On examination, relative afferent pupillary defect, optic disc swelling, or atrophy may be noted. On CT, there usually is fusiform enlargement of the optic nerve sheath complex with the typical ''tram track'' pattern. These tumours are hyperdense on CT and calcification may be present in up to half of the cases. On MRI, ONSM may appear hypo-to isointense to the extraocular muscles on T1WI and with a variable signal on T2WI. The mass also enhances markedly with gadolinium contrast [2] . Differential diagnosis includes sarcoidosis, WG, and metastatic infiltration of the optic nerve sheath. Pre-and postcontrast T1-and T2-weighted images of a 45-year-old woman with left-sided proptosis are shown in Figure 10 . The imaging findings are consistent with an ONSM.
Orbital Lymphoma
Orbital lyphomas (OL) are usually secondary foci of systemic non-Hodgkin's lymphoma. However, less than 2% of patients with systemic lymphoma have orbital involvement [15] . OL can occur in any of the four orbital compartments. The median age of patients with OL is 63 years, and they commonly present with proptosis, visual disturbances, diplopia, and restricted motion. Unlike orbital pseudotumour, patients with lymphoma do not mention pain. These tumours are hyperdense on CT and do not typically cause bony changes [15] . By MRI, they are relatively hypointense on T1WI and T2WI, and display homogeneous enhancement with contrast administration. These imaging features are nonspecific and often mimic other tumours, such as metastatic disease from systemic tumours (eg, renal cell carcinoma) and primary lacrimal gland tumours of epithelial origin. A contrast-enhanced CT orbit of an 82-year-old man with a history of lymphoma and who presented with right periorbital swelling is shown in Figure 11 . The imaging findings are consistent with metastatic lymphoma.
Conclusion
Knowledge of orbital anatomy is essential to developing an approach to orbital masses. High-quality multislice CT with intravenous contrast provides good quality images for almost all orbital tumours; however, gadolinium-enhanced MRI is superior in its ability to differentiate soft-tissue structures from adjacent structures and provides more specific tissue characterization. The CT and MRI findings for the orbital masses discussed in this article are summarized in Table 1 . 
